
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2006/0091115A1 

US 20060091115A1 

Higgins et al. (43) Pub. Date: May 4, 2006 

(54) METERING SYSTEM AND METHOD FOR (52) U.S. Cl. .......................................................... 219/121.5 
SUPPLYING GAS TO A TORCH 

(75) Inventors: Philip K. Higgins, Florence, SC (US); (57) ABSTRACT 
Wayne Stanley Severance JR. A metering system and associated method for Supplying gas 
Darlington, SC (US) to a torch are provided. The metering system includes a 

Correspondence Address: controller that is configured to adjust a pressure regulator 
ALSTON & BIRD LLP according to the pressure and flow rate of the gas delivered 
BANK OF AMERICA PLAZA RS.E. t th can be Pl aC th 
101 SOUTH TRYON STREET, SUITE 4000 positioned in a nozzle and operates in 
CHARLOTTE, NC 28280-4000 (US) a working mode by providing an arc from the electrode tO a 

9 workpiece. In a first mode of operation, the metering system 
(73) Assignee: The ESAB Group, Inc. can provide a gas to the torch by adjusting the pressure 

regulator according to the pressure downstream of the 
(21) Appl. No.: 10/980,374 pressure regulator. In a second mode of operation, the 

metering system can provide adjust the pressure regulator 
(22) Filed: Nov. 3, 2004 according to the flow rate of the gas through a flow trans 

ducer in series with the pressure regulator. Further, the 
Publication Classification metering system can be configured to monitor the down 

stream pressure and the flow rate of the gas and determine 
(51) Int. Cl. therefrom whether there exists in the torch a double arc or 

B23K 9/00 (2006.01) other operating condition that affects the flow of the gas 
B23K 9/02 (2006.01) through the nozzle. 

M2 24 
726%a/ 
422 

27 eaz 

2. 

(2-2) 
4.04%2442 

22% 62,224 
227azaaz 2 -------- -J 

aA222 

  

  

    

  

  



1/2 

Patent Application Publication May 4, 2006 Sheet 1 of 2 

  



US 2006/0091115A1 

¿?DEZEZ}) 
222°| 

Patent Application Publication May 4, 2006 Sheet 2 of 2 

  



US 2006/0091115 A1 

METERING SYSTEMAND METHOD FOR 
SUPPLYING GAS TO A TORCH 

BACKGROUND OF THE INVENTION 

0001) 1) Field of the Invention 
0002 The invention relates to the supply of a gas to a 
torch Such as a plasma arc torch and, more particularly, to a 
system and method for controlling the flow of the gas 
according to the operating parameters of the torch. 
0003), 2) Description of Related Art 
0004 Plasma arc devices are commonly used for cutting 
and welding. One conventional plasma arc torch includes an 
electrode positioned within a nozzle. A pressurized gas is 
supplied to the torch and flows through the nozzle and 
proximate to the torch, and an arc is established between the 
electrode and a workpiece. For example, according to one 
typical method for starting the torch, a pilot mode is first 
initiated by establishing an arc at a low current between the 
electrode and the nozzle. A flow of gas is also delivered 
through the nozzle during the pilot mode. The torch is then 
switched from the pilot mode to a transfer or working mode 
by transferring the arc to the workpiece so that the arc 
extends between the electrode and the workpiece. The 
current of the arc is increased for the working mode, and the 
flow rate or type of the gas can also be adjusted. The arc 
ionizes the gas, and the resulting high temperature gas can 
be used for cutting or other welding operations. One such 
torch and a start-up operation are further described in U.S. 
Pat. No. 5,017,752, titled “Plasma arc torch starting process 
having separated generated flows of non-oxidizing and 
oxidizing gas,” issued May 21, 1991, which is assigned to 
the assignee of the present invention and the entirety of 
which is incorporated herein by reference. 
0005. A metering system supplies the gas that flows 
through the nozzle of the torch. One conventional metering 
system operates by attempting to provide a constant pressure 
in the gas that is delivered to the torch. That is, the metering 
system is disposed between a source of the gas and the torch 
and controls the flow of the gas from the source to the torch 
according to the pressure downstream of the metering sys 
tem. For example, the metering system can be a mechanical 
pressure regulator or a proportional valve that receives a 
feedback signal indicative of the pressure of the gas flowing 
from the metering system to the torch. Constant pressure 
metering systems typically provide quick response. That is, 
the pressure can be changed relatively quickly at start-up or 
otherwise as desired. However, the flow rate provided by a 
constant pressure metering system can vary, thereby affect 
ing the performance of the torch and possibly increasing 
wear on the components of the torch. 
0006 Another conventional metering system is config 
ured to provide a constant flow rate of the gas to the torch. 
For example, a constant flow rate metering system can 
include a throttle valve for controlling the flow of the gas 
from the gas source to the torch. If the throttle valve receives 
the gas at a constant upstream pressure from the gas source, 
and the downstream pressure is sufficiently less than the 
upstream pressure, the flow through the throttle valve will be 
constant. Constant flow metering can also be achieved by 
providing a constant upstream pressure through a propor 
tional valve or a fixed orifice. A bank of selectable orifices 
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can be provided so that different flow rates can be achieved 
during different modes of operation of the torch. Alterna 
tively, a fixed orifice can selectively receive different 
upstream pressures according to the desired flow rate. In any 
case, constant flow metering generally provides consistent 
torch performance, and can also provide optimum life of the 
torch components. However, the time required to stabilize a 
system with constant flow can be considerable. That is, 
although the flow rate may be constant through the metering 
system, the flow rate and pressure downstream in the torch 
may vary asymptotically during transient modes of opera 
tion, Such as during start-up of the torch. In particular, 
after-the metering system begins to provide a constant flow 
of gas, the flow path for the gas between the metering system 
and the torch may take 10 seconds or longer to achieve a 
stabilized pressure, during which time the torch may not 
operate efficiently. 

0007 Regardless of the type of metering system, the 
electrode can become eroded during operation. Erosion can 
be minimized, for example, by Supplying a non-oxidizing 
gas to the torch during certain modes of operation. However, 
the electrode can still be eroded, especially if subjected to 
stress, repeated Starting and stopping, or the like. In particu 
lar, the electrode can deteriorate quickly if a double arc 
exists, i.e., if arcs simultaneously exist between the electrode 
and the nozzle and between the electrode and the workpiece. 
0008 Thus, there exists a need for an improved metering 
system and associated method for providing gas to a torch. 
The system should be capable of providing the gas at a 
substantially constant flow rate. Additionally, the system 
should be capable of changing the flow rate at the torch 
relatively quickly, such as at start-up of the torch or during 
other times when it is desirable to adjust the rate of flow 
according to the operation of the torch. Further, the system 
should optionally provide detection of particular modes of 
operation of the torch that may be undesirable, such as the 
existence of double arcs. 

BRIEF SUMMARY OF THE INVENTION 

0009. The present invention provides a metering system 
and an associated method for Supplying gas to a torch, Such 
as a plasma gas torch for cutting or other welding operations. 
The torch typically includes an electrode positioned in a 
nozzle and delivers gas through the nozzle for ionization by 
an electric arc during a working mode of the torch. The 
metering system includes a pressure regulator and a con 
troller that is configured to selectively adjust the pressure 
regulator according to a flow rate and a pressure of the gas 
delivered to the torch. Thus, the pressure regulator can be 
adjusted to quickly achieve a predetermined downstream 
pressure and also to accurately achieve and maintain a 
predetermined flow rate. 

0010. According to one embodiment of the present inven 
tion, the metering system includes a flow rate transducer, 
Such as a mass flow rate meter, and a pressure transducer. 
The flow rate transducer is configured to measure a flow of 
the gas and provide a flow signal indicative of the flow rate 
of the gas to the torch. The pressure transducer is configured 
to receive the flow of the gas and indicate the pressure of the 
gas. A controller communicates with the flow rate transducer 
and the pressure transducer and adjusts the pressure regu 
lator accordingly. For example, the controller can be con 
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figured to operate selectively in first and second modes. In 
the first mode, the controller adjusts the pressure regulator to 
provide a predetermined downstream pressure. In the second 
mode, the controller adjusts the pressure regulator according 
to the flow rate of the gas to the torch, e.g., to maintain a 
predetermined flow rate. The controller can receive electri 
cal signals from the flow rate transducer and/or the pressure 
transducer and control the pressure regulator via a pressure 
signal or other fluid signal. 
0011. The system can also be configured to detect a 
geometric aspect or change in geometry of the torch by 
monitoring the flow of the gas through the torch. For 
example, the controller can be configured to compare the 
flow signal and the pressure of the flow to at least one 
predetermined value and thereby detect a change in the 
geometry of the flow path of the torch. Thus, the controller 
can detect an enlarged or restricted nozzle of the torch by 
detecting a flow rate therethrough that is higher or lower 
than a predetermined value for a particular operating pres 
Sure. In some cases, the controller can respond to a change 
in the geometry of the torch by interrupting operation of the 
torch. 

0012. The present invention also provides a method of 
Supplying a gas to a plasma torch. According to one embodi 
ment, the method includes measuring a flow rate. Such as a 
mass flow rate, and pressure of the gas flowing to the torch. 
A pressure regulator is adjusted according to the pressure of 
the gas supplied to the torch to substantially supply at least 
one predetermined pressure. In addition, the pressure regu 
lator is adjusted according to the flow rate of the gas to 
provide a substantially steady flow rate of the gas to the 
torch. For example, a first predetermined pressure can be 
provided during starting of the torch, and a second prede 
termined pressure, which can be higher or lower than the 
first predetermined pressure, can be provided after an arc is 
established in the torch. Thereafter, the pressure regulator 
can be adjusted according to the flow rate to maintain a 
steady flow rate. 
0013 In addition, a geometric aspect of the torch can be 
detected by comparing the flow rate and the pressure of the 
flow to at least one predetermined value. For example, an 
enlarged nozzle orifice can be detected if the flow rate 
through the torch is larger than the predetermined value for 
a particular pressure in the torch or if the pressure of the gas 
flowing through the torch is less than a predetermined value. 
A double arc detection signal can be issued in response to 
detection of Such enlargement, and/or an operation of the 
torch can be automatically interrupted. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING(S) 

0014 Having thus described the invention in general 
terms, reference will now be made to the accompanying 
drawings, which are not necessarily drawn to scale, and 
wherein: 

0.015 FIG. 1 is a schematic diagram illustrating a plasma 
arc cutting apparatus including a metering system for a torch 
according to one embodiment of the present invention; and 
0016 FIG. 2 is a schematic diagram illustrating a meter 
ing system according to one embodiment of the present 
invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

0017. The present invention now will be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which some, but not all embodiments of the inven 
tion are shown. Indeed, this invention may be embodied in 
many different forms and should not be construed as limited 
to the embodiments set forth herein; rather, these embodi 
ments are provided so that this disclosure will satisfy 
applicable legal requirements. Like numbers refer to like 
elements throughout. 
0018 Referring now to the drawings, and in particular to 
FIG. 1, there is schematically illustrated a plasma arc 
cutting apparatus 10 including a metering system 50 accord 
ing to one embodiment of the present invention. The meter 
ing system 50 controls the flow of one or more gases that 
flow from gas sources 12a-12f to a torch 14. Typically, the 
torch 14 is a plasma arc torch, which can be used for cutting 
or other welding operations. Generally, the torch 14 includes 
an electrode 16 positioned in a nozzle 18. An arc can be 
established between the electrode 16 and a workpiece 20 (or 
between the electrode 16 and the nozzle 18, such as during 
the pilot mode), and a flow of gas is provided through the 
nozzle 18 to be ionized by the arc during the cutting process. 
The flow of gas to be ionized during operation of the torch 
14 is received by the torch 14 via a plasma gas inlet 22 that 
is fluidly connected to the metering system 50. In addition, 
the torch 14 defines a shield gas inlet 24 configured to 
receive a shield gas that is circulated in the torch 14 in a flow 
path adjacent to the electrode 16 and generally radially 
outside the flow of plasma gas. The structure and operation 
of plasma arc torches are further described in U.S. Pat. No. 
6.215,090, titled “Plasma arc torch,” issued Apr. 10, 2001 
and U.S. application Ser. No. 10/294,968, titled “Plasma Arc 
Torch and Method of Operation,” filed Nov. 14, 2002, each 
of which is assigned to the assignee of the present invention, 
and the entirety of each of which is incorporated herein by 
reference. An electrode for a plasma arc torch is described 
in U.S. Pat. No. 5,023,425, titled “Electrode for plasma arc 
torch and method of fabricating same.’ issued Jun. 11, 1991, 
the entirety of which is herein incorporated by reference. It 
is appreciated that the metering system 50 of the present 
invention can be used with a variety of torches and can be 
used to control various types of gases. 
0019 Multiple gases can be supplied to the torch 14 for 
different uses in the torch 14 or 10 during the different 
operations of the torch 14. For example, as shown in FIG. 
1, while the metering system 50 is configured to meter a flow 
of plasma gas for a cutting operation through a cut plasma 
gas line 26, the system 50 can also supply a start plasma gas 
through a start plasma gas line 28, a cut shield gas through 
a cut shield gas line 30, a start shield gas through a start 
shield gas line 32, and an air curtain gas from an air source 
via air line 34. The flow of air through air line 34 can be 
provided by an air source 36 and controlled by a solenoid 38. 
In some cases, a flow of water is supplied to the start shield 
gas line 32 instead of the shield gas. The water can be 
Supplied from a water Supply source 40 via a water pump 42. 
which includes a pump 44, a Solenoid 46 and a flow 
transducer 48. A check valve 49 can be provided between the 
source 40 and the start shield gas line 32. 
0020 Each gas supplied for the cutting or other operation 
can be a mixture comprised of multiple component gases, 
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which can be selected according to the type and operation of 
the torch 14. For example, as shown in FIG. 1, the gases 
delivered to the torch 14 can be delivered as a mixture of 
oxygen, hydrogen, methane, nitrogen, argon, and air, each of 
which is Supplied by a respective gas source 12a-12f. Each 
of the sources 12a-12f can be a pressure vessel or other 
device for Supplying the respective gas. Further, each Source 
12a-12.fcan Supply the respective gas at a predetermined and 
constant pressure. In this regard, each Source 12a-12f can 
include a pressure regulator or pressure adjustment device 
for limiting or otherwise controlling the pressure of the gas 
supplied to the 30 metering system 50. 
0021. The plasma and shield gases used in the torch 14 
generally flow from the gas sources 12a-12f through the gas 
metering system 50, to a torch manifold 80, and there 
through to the torch 14. The metering system 50 includes an 
inlet manifold 52, which includes a number of check valves 
54a-54f and solenoids 56a-56?, 58a–58d, 59a-59b for con 
trolling the direction of flow and for starting and stopping 
the flow from the sources 12a-12f. That is, each gas entering 
the inlet manifold 52 flows through the respective check 
valve 54a-54f to the respective solenoid(s) 56a-56?, 58a 
58d, 59.a. Multiple solenoids can be provided for each gas to 
separately control the flow of the gas through the gas lines 
26, 28, 30, 32 to the torch 14. For example, the solenoids 
56d, 58d control the flow of the oxygen from oxygen source 
12d. By opening and closing the solenoid 56d, a flow of the 
oxygen to a mix regulator 60 can be controlled. A flow of the 
oxygen to the cut plasma gas line 26 can separately be 
controlled by opening and closing the solenoid 58d. Simi 
larly, solenoids 56e, 56f control the flow of the hydrogen and 
methane to the mix regulator 60, respectively, and Solenoids 
56a-56c. 58a-58c separately control the flows of nitrogen, 
argon, and air to a shield regulator 62 and the cut plasma gas 
line 26, respectively. Solenoid 59a controls the flow of 
nitrogen to the start plasma gas line 28, and solenoid 59b 
selects the gas selected as the cut plasma gas for the start 
plasma gas line 28. Filters 64a, 64b can be provided 
throughout the metering system 50, and pressure transducers 
66a, 66b can be provided for detecting the pressure of the 
gases in different portions of the system 50. For example, the 
pressure transducers 66a, 66b can detect the pressure of the 
gases entering the mix regulator 60 and the shield regulator 
62, and the pressure transducers 66a, 66b can display the 
pressures to an operator and/or monitor the pressures to 
warn an operator or interrupt an operation of the apparatus 
10 if the pressures fall below a minimum value or exceed a 
maximum value. 

0022. The mix and shield regulators 60, 62 can be flow 
regulation devices that are configured to maintain a Substan 
tially constant flow rate therethrough. For example, each 
regulator 60, 62 can include a plurality of parallel orifices 
that are selectively disposed in the path of flow according to 
the desired flow rate. From the regulators 60, 62, the gases 
flow to a check valve and solenoid manifold 70, i.e., an 
arrangement of solenoids 72a-72c and check valves 74a-74d 
configured to control the flow of the gases to the torch 
manifold 80. Thus, the mix regulator 60 acts as a shield 
regulator when the solenoid 72b is open. The torch manifold 
80, in turn, includes check valves 82a-82c and solenoids 
84a–84d for selectively connecting the cut plasma gas line 
26 and start plasma gas line 28 to the plasma gas inlet 22 of 
the torch 14 and for selectively connecting the cut shield gas 
line 30 and start shield gas line 32 to the shield gas inlet 24. 
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0023 Therefore, the supply of the plasma gas to the 
plasma gas inlet 22 of the torch 14 is provided via the cut 
plasma gas line 26 and the start plasma gas line 28. In 
particular, solenoid 59a can be selectively opened and 
closed to control the flow of nitrogen to the start plasma gas 
line 28. The nitrogen flows from the solenoid 59a to a 
pressure regulator 90, which can be adjusted according to a 
pressure downstream of the regulator 90. That is, the pres 
Sure regulator 90 can be a valve, such as a proportional 
valve, or another device and can include a pressure feedback 
loop that is internal or external to the pressure regulator 90. 
For example, a pressure setting device 92 can be configured 
to receive an electrical pressure signal from a pressure 
transducer 94 indicative of the downstream pressure at the 
transducer 94. The pressure transducer 94 can be a pressure 
gauging device configured to measure a pressure and pro 
vide an electrical signal indicative of the measured pressure. 
The pressure setting device 92 can adjust the pressure 
regulator 90 accordingly, e.g., by opening or closing the 
regulator 90 in response to the measured pressure to achieve 
a predetermined pressure at the pressure transducer 94. For 
example, the pressure setting device 92 can be an electro 
mechanical device Such as an electronically controlled pres 
Sure setting device that receives an electric pressure signal 
from the pressure transducer 94 or a controller and adjusts 
the pressure regulator 90 by adjusting a fluid control pres 
sure delivered through a control line 96 to the pressure 
regulator 90. The control pressure can be provided by one of 
the pressure sources, such as the nitrogen Source 12a 
through pressure supply line 98 as shown in FIG.1. The gas 
flows from the pressure regulator 90 via the check valve 82a 
in the torch manifold 80 to the plasma gas inlet 22 of the 
torch 14. The solenoid 84a in the torch manifold 80 can also 
be used to selectively vent some or all of the gas flowing 
through the start plasma gas line 28. 

0024 Gases flowing to the cut plasma gas line 26, such 
as nitrogen, argon, air, and oxygen, can be supplied through 
the respective solenoids 58a-58d. Some or all of the gas 
flowing through the solenoids 58a-58d can be directed 
through the solenoid 59b to the start plasma gas line 28 so 
that the start plasma gas can be the same as the cut plasma 
gas. Otherwise, the gas flows to a pressure switch 100 and 
a fixed pressure regulator 102, which can be configured to 
provide a predetermined pressure, such as about 100 psi. 
Thereafter, the gas is directed through a mass flow trans 
ducer 104, through an adjustable pressure regulator 106, and 
to a pressure transducer 108. Similar to the pressure regu 
lator 90 in the start plasma gas line 28, the pressure regulator 
106 can be adjusted by a pressure setting device 110. That 
is, the pressure setting device 110 can be configured to 
receive a pressure signal from the pressure transducer 108 
indicative of the downstream pressure in the cut plasma gas 
line 26 and adjust the pressure regulator 106 accordingly, 
e.g., by controlling a control pressure in a control line 112. 
Thus, the pressure setting device 110 and the pressure 
regulator 106 can maintain a predetermined pressure in the 
cut plasma gas line 26, Substantially regardless of flow 
variations in the torch 14 that might otherwise affect the 
pressure in the cut plasma gas line 26. The cut plasma gas 
line 26 can also be configured to receive a flow of gas from 
the check valve and solenoid manifold 70, i.e., via the 
solenoid 72a and check valve 74a. A “T” fitting 142 or fluid 
chamber is provided in the cut plasma gas line 26 so that the 
gases entering the line 26 are mixed therein. The check valve 
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82b and solenoid 84b in the torch manifold 80 control the 
delivery of the gas into the plasma gas inlet 22 of the torch 
14. 

0.025 The pressure regulator 106 can be responsive to the 
mass flow rate transducer 104 in addition to the downstream 
pressure transducer 108. In this regard, there is illustrated in 
FIG. 2 a controller 120 configured to communicate with the 
pressure transducer 108 and the mass flow rate transducer 
104 and control the pressure regulator 106 accordingly. The 
controller 120 can include a processor 122 that operates 
according to predetermined operating instructions, such as 
programmable Software code stored in a memory 124. In 
particular, the mass flow rate transducer 104 can be config 
ured to measure a mass flow rate of the gas flowing 
therethrough, and the pressure transducer 108 can be con 
figured to detect the pressure of the gas flowing downstream 
of the pressure regulator 106. The mass flow rate transducer 
104 can be an electromechanical device that generates an 
electrical flow signal that is proportional to the mass flow 
rate. For example, the mass flow rate transducer 104 can 
measure the electrical characteristics of a conductive wire 
disposed in the flow path of the cut plasma gas line 26 and 
provide an electrical flow signal based thereon. While the 
mass flow transducer 104 is illustrated as receiving all of the 
gas flowing through the cut plasma gas line 26, the mass 
flow transducer 104 can instead be configured to measure 
the flow rate by monitoring only a portion of the gas flowing 
through the line 26, and in Some cases, the mass flow 
transducer 104 does not receive the gas or receives only a 
portion of the gas being measured. Further, while the mass 
flow transducer 104 is illustrated as being upstream of the 
pressure regulator 106 in FIG. 2, it is appreciated that the 
mass flow transducer 104 can be positioned elsewhere in the 
apparatus 10. Such as downstream of the pressure regulator 
106. The mass flow rate transducer 104 and the pressure 
transducer 108 can communicate signals indicative of the 
mass flow rate and the downstream pressure to the controller 
120. The controller 120, in turn, can receive the signals from 
the mass flow rate transducer 104 and the pressure trans 
ducer 108 and respond by adjusting the pressure setting 
device 110, which accordingly adjusts pressure regulator 
106. 

0026. The controller 120 can be configured to operate in 
multiple modes of operation. In each mode, the controller 
120 can control the pressure regulator 106 by adjusting the 
pressure setting device 110. That is, the controller 120 need 
not communicate directly with the pressure regulator 106 to 
control the regulator 106. In a first exemplary mode of 
operation, the controller 120 can adjust the pressure regu 
lator 106 according to the pressure transducer 108. In a 
second mode of operation, the controller 120 can adjust the 
pressure regulator 106 according to the mass flow rate 
transducer 104. In particular, in the first mode, the controller 
120 can be programmed to regulate the pressure regulator 
106 to achieve a predetermined downstream target pressure 
at the pressure transducer 108. The controller 120 can 
generally do so by opening the pressure regulator 106 if the 
downstream pressure is lower than the target pressure and 
closing the pressure regulator 106 if the downstream pres 
sure is greater than the target pressure. The controller 120 
can adjust the pressure regulator 106 to varying degrees 
according to the difference between the target pressure and 
the downstream pressure or according to a characteristic of 
either of those pressures, such as the rate of change of the 
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pressures. Further, in some cases, the controller 120 can 
adjust the pressure regulator 106 according to predetermined 
parameters for achieving a particular pressure. For example, 
the controller 120 can be programmed with an adjustment 
setting for the pressure regulator 106 that corresponds to a 
predetermined target pressure. Thus, when adjusting the 
pressure regulator 106 to achieve and maintain the pro 
grammed target pressure, the controller 120 can adjust the 
pressure regulator 106 to the programmed setting and, 
optionally, perform additional adjustment to the pressure 
regulator 106 thereafter. 
0027. In addition, the controller 120 can adjust the pres 
sure regulator 106 to achieve different target pressures 
according to the operation of the torch 14. For example, 
during starting of the torch 14, the controller 120 can first 
adjust the pressure regulator 106 to achieve a first steady 
state pressure that is associated with a flow rate that has been 
previously determined to be appropriate for starting of the 
torch 14. Then, after the arc is established, the controller 120 
can adjust the pressure regulator 106 to achieve a second 
pressure that is associated with a flow rate that is appropriate 
for operating the torch 14 in a cutting mode. For example, 
the flow of gas through the plasma chamber can be affected 
by the temperature of the gas in the plasma chamber when 
the arc is initiated, which in turn affects the pressure of the 
gas necessary upstream of the plasma chamber to achieve a 
certain flow rate. The required pressures for achieving 
particular rates of flow can be determined theoretically or 
empirically and stored in the memory 124. In this way, the 
controller 120 can adjust the pressure regulator 106 to 
quickly achieve a substantially steady downstream pressure 
that corresponds to a flow rate appropriate for each operating 
mode of the torch 14. Even if the flow path of the gas 
downstream of the pressure regulator 106 defines a large 
Volume, e.g., if a long gas hose is disposed between the 
pressure regulator 106 and the torch 14, the controller 120 
can quickly achieve an appropriate flow rate at the torch 14 
by adjusting the pressure regulator 106 according to the 
downstream pressure. Thus, the controller 120 can quickly 
achieve a Substantially steady state operation. 
0028. In the second mode of operation, the controller 120 
can instead adjust the pressure regulator 106 according to 
the mass flow rate as measured by the mass flow rate 
transducer 104. That is, the controller 120 can receive the 
signal from the mass flow rate transducer 104 indicative of 
the mass flow rate therethrough and adjust the pressure 
regulator 106 to increase or decrease the flow rate in order 
to achieve a target flow rate. For example, after the arc is 
established and the controller 120 has adjusted the pressure 
regulator to Substantially achieve a target downstream pres 
sure, the controller 120 can automatically enter the second 
mode of operation and begin adjusting the pressure regulator 
106, e.g., “fine tuning the pressure regulator 106 to sub 
stantially achieve the target flow rate. Although adjustment 
of the pressure regulator 106 according to the flow rate can 
be slower to achieve steady state operation, adjustment 
according to the flow rate can be used after a Substantially 
steady state is achieved to thereafter more accurately pro 
vide a steady flow rate of the gas to the torch 14. An 
accurately controlled flow rate of gasses is considered to be 
important for achieving improved steady-state torch opera 
tion and life. Thus, after an appropriate flow rate is Substan 
tially achieved according to the downstream pressure in the 
first mode, the metering system 50 can thereafter continue to 
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fine tune the flow rate to achieve and maintain a substantially 
steady flow rate during operation of the torch 14. 
0029. The metering system 50 can be operated in suc 
cessive modes of operation during any transient state of 
operation of the apparatus 10. That is, the metering system 
can quickly achieve and maintain a desired rate of flow at 
any time during the operation of the torch by first adjusting 
the pressure regulator 106 according to the downstream 
pressure and then according to the flow rate. Transient states 
of operations can occur at start-up, shut-down, or upon any 
structural or operational change of the torch, gas sources 
12a-12?, and the like. Further, while the controller 120 of 
FIG. 2 is illustrated as being configured for controlling the 
flow of the gas through the plasma cut gas line 26, it is 
appreciated that a controller 120 can alternatively, or addi 
tionally, be provided for controlling the plasma start gas, the 
shield gas, the water from supply source 40, or other fluids 
to be used with the torch 14 or otherwise. 

0030. In one embodiment of the present invention, 
changes in the flow of the gas through the torch 14 can be 
detected by monitoring changes in the pressure measured by 
the pressure transducer 108 or mass flow rate transducer 
104. For example, after the arc is established for a cutting 
operation with the torch 14, the controller 120 can be 
configured to continuously adjust the pressure regulator 106 
according to the mass flow rate measured by the mass flow 
rate transducer 104, as described above. In addition, the 
controller 120 can continuously mass flow rate, the down 
stream pressure at the pressure transducer 108, and/or the 
relationship of the mass flow rate of the gas to the torch 14 
to the downstream pressure. For example, the controller 120 
can compare the relationship between the mass flow rate and 
the downstream pressure to a predetermined relationship for 
a particular type of torch and nozzle and the particular 
operating parameters. The relationship can correspond to a 
geometric aspect of the torch 14, Such as the size of the 
orifice of the nozzle 18. Thus, if the controller 120 detects 
an unexpected relationship between the mass flow rate and 
downstream pressure, the controller 120 can signal the 
operator with a warning light, Sound, or the like. Alterna 
tively, the controller 120 can automatically interrupt or 
terminate an operation of the torch 14, e.g., by terminating 
the arc and/or adjusting the gas flow. 
0031. In particular, the controller 120 can detect a change 
in the geometry of the torch 14, Such as a change in the 
geometry of the nozzle 18 due to erosion or deterioration of 
the nozzle 18. For example, significant erosion of the nozzle 
18 can be indicative of the occurrence of double arcing in the 
torch 14. That is, if arcs simultaneously occur between the 
electrode 16 and the nozzle 18 and between the electrode 16 
and the workpiece 20 during operation of the torch 14, the 
noZZle 18 can be quickly eroded, thereby enlarging the 
orifice of the nozzle 18. Such enlargement of the nozzle 
orifice by double arcing, nicking or other damage to the 
nozzle 18, and the like can result in a higher than expected 
flow through the nozzle 18 for the same or lower pressures 
of gases delivered to the torch 14. Alternatively, a lower than 
expected flow for the same or higher pressure can indicate 
that the nozzle 18 is at least partially blocked, e.g., by debris 
disposed in the nozzle 18. Thus, a higher than expected flow 
for a particular pressure can indicate enlargement of the 
nozzle 18, while lower flow for a particular pressure can 
indicate blockage. Thus, by monitoring the mass flow rate 
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and the downstream pressure, and comparing the relation 
ship between the flow rate and pressure to expected values 
therefor, the controller 120 can accurately detect the occur 
rence of double arcing or other undesirable conditions 
occurring in the torch 14. In some cases, the detection by the 
controller 120 of double arcs or other problems can occur 
only after the nozzle 18 has been substantially affected. 
Nevertheless, such monitoring can prevent further damage 
from occurring to the apparatus 10 after the nozzle 18 is 
damaged. 

0032. Many modifications and other embodiments of the 
invention set forth herein will come to mind to one skilled 
in the art to which this invention pertains having the benefit 
of the teachings presented in the foregoing descriptions and 
the associated drawings. Therefore, it is to be understood 
that the invention is not to be limited to the specific 
embodiments disclosed and that modifications and other 
embodiments are intended to be included within the scope of 
the appended claims. Although specific terms are employed 
herein, they are used in a generic and descriptive sense only 
and not for purposes of limitation. 

That which is claimed: 
1. A metering system for Supplying a gas to a plasma 

torch, the system comprising: 
a flow rate transducer configured to measure a flow rate of 

the gas and provide a flow signal indicative of a flow of 
the gas; 

a pressure regulator in a series configuration with the flow 
rate transducer, the pressure regulator being configured 
to receive the flow of the gas and control a pressure of 
the gas flowing to the torch; and 

a controller configured to receive the flow signal from the 
flow rate transducer and detect a pressure of the gas 
flowing from the pressure regulator to the torch, 

wherein the controller is configured to operate selectively 
in first and second modes, the controller in the first 
mode being configured to adjust the pressure regulator 
according to the pressure of the gas flowing to the 
torch, and the controller in the second mode being 
configured to adjust the pressure regulator according to 
the flow rate of the gas to the torch. 

2. A system according to claim 1 wherein in the first mode 
the controller is configured to adjust the pressure regulator 
to provide a predetermined pressure in the flow of the gas to 
the torch. 

3. A system according to claim 1 wherein the flow rate 
transducer is configured to provide the flow signal indicative 
of the mass flow rate of the flow of the gas to the torch, and 
wherein in the second mode the controller is configured to 
adjust the pressure regulator to provide a Substantially 
constant mass flow rate of the gas to the torch. 

4. A system according to claim 1 further comprising a 
pressure transducer in fluid communication with the flow of 
the gas from the pressure regulator and configured to indi 
cate the pressure of the gas to the controller. 

5. A system according to claim 4 wherein the pressure 
regulator is configured to receive the gas from the flow rate 
transducer and deliver the gas to the torch. 

6. A system according to claim 1 further comprising a 
pressure setting device configured to receive an electrical 
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signal from the controller and provide a corresponding fluid 
signal to the pressure regulator to adjust the pressure regu 
lator. 

7. A system according to claim 1 wherein the controller is 
configured to detect a change in the flow of the gas indica 
tive of a change in the geometry of the torch. 

8. A system according to claim 1 wherein the pressure 
regulator is a proportional valve with a pressure feedback 
loop. 

9. A metering system for Supplying a gas to a plasma 
torch, the system comprising: 

a flow rate transducer configured to measure a flow rate of 
the gas and provide a flow signal indicative of a flow of 
the gas; 

a pressure transducer configured to provide a pressure 
signal indicative of the pressure of the gas; and 

a controller configured to receive the flow signal from the 
flow rate transducer and detect a pressure of the gas 
flowing from the pressure regulator to the torch, 

wherein the controller is configured to compare the flow 
signal and the pressure of the gas to at least one 
predetermined value and thereby detect a geometric 
aspect of the torch. 

10. A system according to claim 9 wherein the controller 
is configured to detect a flow rate through the torch that is 
larger than a predetermined value, thereby detecting an 
enlarged noZZle orifice defining a portion of a flow path of 
the torch. 

11. A system according to claim 9 wherein the controller 
is configured to detect a pressure of the gas that is less than 
a predetermined value, thereby detecting an enlarged nozzle 
orifice defining a portion of a flow path of the torch. 

12. A system according to claim 9 wherein the controller 
is configured to automatically interrupt an operation of the 
torch upon detection of the geometric aspect of the torch. 

13. A method of Supplying a gas to a plasma torch, the 
method comprising: 

measuring a flow rate of the gas flowing to the torch; 
measuring the pressure of the gas flowing to the torch; 
adjusting a pressure regulator according to the pressure of 

the gas Supplied to the torch to Substantially Supply at 
least one predetermined pressure; and 

adjusting the pressure regulator according to the flow rate 
of the gas to Substantially Supply at least one predeter 
mined flow rate of the gas to the torch. 

14. A method according to claim 13 wherein said first 
measuring step comprises measuring the mass flow rate of 
the gas flowing to the torch. 
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15. A method according to claim 13 wherein said adjust 
ing steps comprise controlling the pressure regulator with a 
controller configured to detect the mass flow rate and the 
pressure of the gas Supplied to the torch. 

16. A method according to claim 13 wherein said adjust 
ing steps comprise communicating an electric signal to 
control the pressure regulator. 

17. A method according to claim 16 wherein said adjust 
ing steps comprise communicating the electric signal to a 
pressure setting device Such that the pressure setting device 
provides a corresponding fluid signal to the pressure regu 
lator for adjusting the pressure regulator. 

18. A method according to claim 13 wherein said first 
adjusting step comprises providing a first predetermined 
pressure during starting of the torch, and providing a second 
predetermined pressure after an arc is established in the 
torch, the second predetermined pressure being different 
than the first predetermined pressure, and wherein said 
second adjusting step comprises controlling the pressure 
regulator after said first adjusting step. 

19. A method according to claim 18, further comprising 
determining at least one of the first and second predeter 
mined pressures according to a desired flow rate of the gas 
through the torch. 

20. A method according to claim 13, further comprising 
detecting a change in a flow of the gas indicative of a change 
in the geometry of the torch and responding to the change by 
issuing a double arc detection signal. 

21. A method according to claim 20, further comprising 
automatically interrupting an operation of the torch upon 
detection of the change in the flow of the gas. 

22. A method of supplying a gas to a flow path of a plasma 
torch, the method comprising: 

measuring a flow rate of the gas to the torch; 
measuring the pressure of the gas flowing to the torch; and 
comparing the flow rate and the pressure of the gas to at 

least one predetermined value and thereby detecting a 
geometric aspect of the flow path of the torch. 

23. A method according to claim 22 wherein said mea 
Suring step comprises measuring the mass flow rate of the 
gas flowing to the torch. 

24. A method according to claim 22, further comprising 
detecting a flow rate through the torch that is larger than the 
predetermined value, thereby detecting an enlarged nozzle 
orifice defining a portion of the flow path of the torch. 

25. A method according to claim 22, further comprising 
automatically interrupting an operation of the torch upon 
detection of the geometry aspect of the flow path. 
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